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(38.2) lPe(Fl;FZ'---'FN)zi 1(12) P1(12) P2 (1) P2 (12) (DN/Z(TZ)(DN/Z(TZ)

@] (Fny )P1 () ) @k ()P (g,
(39:2)  Epp = (Fe({rDIHIY({r)) (PIHI¥) = [ W () HPdr

: (DFT) 4dLislt Luduliolf 4Nl 44559 .1.11

S g pSIY) ALY axanian doplas g8 gi (o)l e (o ilida igia (DFT) AEESY dudlagl) Allal) 4yl e
sy @ile die @AY Sluil (e o dasd) A3 e Y Al

g STy A gl g AVSS A ) Allal) 8l lie) 8 8,54l (4
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dsnsll Liayia 11 daajall

il sgilialgll a8 IS8 aas ) A SIY) ASUS Adjee e Lgalitiad Sy ijall eayll AL il apes
) Tase 12 43 )

pUaill A U i ) daa ) Allall 8 g SSIY) ASBS (5K cculh agad dailly

AE[p(¥)]

(40.2) SIS

p=ro
Faala) A sl
(@12)  Elp@)] = Tu[p()] + Eeelp()] + Eure [p()]
i)+ [ Vee D@ + [ Vere Prp@ra7

Y Fuklp(P)]

Al duaaa gl ALalill ¢ yiasel (oS5 Fiy[p(7)] :

taldy (agS e alea .10 .1.11
goana W) (Ko dg 5 QG o DS (o Uss (DFT) A8ESH dplas e 55S550) dolia sk oLty (a5S ol8

Al Glawa GBS
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(422)  [-iVZ + VD] ¢ = Edi(P) p() = Blpi (D
AL S 8L e e Lal] p LB ducaill

(432)  Tilp@] = To[{di D] = =3 T4 (4| 72| i) 2emE[p(P)] = Ty[p(P)] + [ Vs (Pp(F)dF

(442) ZLEDl= 02Ol Y () —u=0
(i) ALl Locill
(45.2) E[p(M] = Ts[p(P)] + Egxe[p ()] + J[p (D] + Exc[p(P)]

:h WSVH(P)V_H(\vec{r})VH(r) il 3¢ AV slarall aglsSh Siling Sl ALY d8a Lal[p(r )]

(46.2) JIp(A] = [ Vu(® p(PdF = %ff%

alidy asST g i8IV Lala Y] Y oleal)
(47.2)  [FI72 4 Vere @) + Va @D + Ve (D) 61 F) = Eigpi(7)

L Mg Jalall dadagll Aban .11 1,11

CYoles a ey ps ¥ g AN guieills Lol Y=ol elno 5 50 (KS) plids (88 dpplis 9 25l (asail)
s af o o)iSag ASUSY dulas i of dulae colusjdt] Ludidigl) L)) 530 ¢ Lias) e ocilli pag . Linea aLidg 858
[25]505) Y- obill Ludulsg Jlgo bae #1338 a7 4aldy 84S Y oles

rlis GO ) aaiis cilig g8V e c)le il e dailil) ol
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S S i 5 Jaalsy o oS Y (spin) kel ola3Y) (i Leg) Cpis oS S ddsis e indy  lis AV L 0a
bl 1o 336 Spi—gysle il g NI dind e aaies ¥ il iag ¢ Aol [riar Spdlio Lasise g8 4515 Cudsl]

D. Ll U iy i) Jidles 2230] esel] Bl e sl Ss liie Y Gy
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g gls Ak b alla)
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: (LDA) dulaelf 48LH iy idi 12 1,11
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_indy Ll Lailaie IS ol o] 26] wilaiall i alhill Joled 43 (5 ¢ p(r ™ ) dulaall dasdll Lo Ladi aaies LLs)Y

A gaill e Al 238 4 LLs)Y I~ olall 23l

(48.2)  E2[p(M] = [ p(Dexc[pM]d’r; exclp(@)] = ec [p(F)] + &x [p(F)]

pliia g 5l 5l BlapYI-datall dsla ey,

(LSDA) dysall oy5ll dpdaall ZEESI s 1A sepplalinad) AaaiD ol

(49.2) EXA10Y, p'] = [ p(Pexclp’, pt1d3r
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Al dallee A LDA @l (eai 58 (GGA - Generalized Gradient Approximations) sasaell z )l i
([27] e Waad Jy g <OV 480 o Jaid ul aciad Lglaag Gua odaliiy¥g Jalall

Vo ()I[

(50.2)  EZlp(] = [ p(Dexclp(P), Vp(P)]d®p(F)
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(Local Density Approximation) ddaall 86l cuydi @ (o 482 DS iy ady (Generalized gradient : GGA
LDA

il L€l FBUIE Gt (V) (3a JS s Jancsi (o o lgal) A8BS dydis e iy graliy Aaalyy cileon (o ol 00
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J5 150 2ugil Alglan e 2305 0.05 A lpalians) ahal) bl gagall il dad iy Ha/Atome 2 x107
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Na Mg Al Si P S C A

K Ca S T V C MnF Go Ni Cu Zn Ga Ge As Se Br K
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
(G Ba la Hf Ta W Re Os Ir Pt Au Hg T Pb Bi Po At 2n

Om @l ¢ Jully( Binding Energy) : Ll déla V) Jic L (Adsorption Energy) :alwacsy! &la )

A Blalls Jaady Bajiie (AtOM) ¢ 5 (SWNTC) & 3 (el g sanas cpladipe (SWNTC+AtOM) 3l ¢ ¢yl

(3-3) Exs = Ex(Atom+SWNTc) - E;(Atom) ~E(SWNTc)
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@l Qs dacsg Ay paall €y adlal aany 4 s 1 Epgg < 0

@l gV adanss Ausgyaall )b o il Gaany adl it 1 Epgg > 0

: pabaady) cllag dlgal) gilisl) Aidla 4.111

a8 Glhall Glay¥) e Uilis 35S0l midll pa il (o)l 2 @lldg (8 Jsandl) Al sitill Ao luad) aay liliaas
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System Energy of Energyof Distance Distance Energy Energy Eads Eads
(Site) atom Su atom Sp optim optim SWNTc-A SWNTc-A Su(ev) Sp (ev)
(Ha) (e)  Su(A) Sp(A")  Su(Ha) Sp(Ha)

Hg(H) -18412,740  -18412,740 4,051 3,904 -21609,32 -21609,32 -1,835 -1,841
Ir(H) -16809.965 -16809.965 2,483 2.436 -20006,593 -20006,598 -3,187 -3.184
As(B) -2235,507 -1235,523 2,096 2,008 -3432,502 -5432,502 -13,033 -12,436
Ni(H) -1508,095 -1508,099 2,288 1,939 -4704,729 -4704,734 -3,226 -3,225
Cd(H) -5467,046 -5467.046 4,081 4,129 -8663.635 -8663.620 -1,982 -1,575
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cd 0.1 1575
He 0.2 21,841
Ir s -3,184
Ni 3l -3,225
As 17 12,436

Gl Jigad Jean 2 15 Jgaad)

Hartree ev Kcal/mol Kj/mol J
Hatree 1 27.2107 627.503 2625.5 43.6X10
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5 . - ° - o . < | Intercept 0, 209124 - 372753 -2, 371E-4
@ —100 ° . 3 | ] e 373073 2,037E-4
0 ~ | o5 428130 - 373303 -1,707E-4
© 1 .2 -8056,240 | \ a 2280721 373714 -1,380E-4
o - = | 85 0414462 - 374034 -1,055E-4
@ ~1204 [} | E e 374354 734265
=] | ‘ G \ . et s 374675 -4,182E-5
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En francais :

Ce mémoire aborde une étude multidisciplinaire répartie en trois axes principaux. Il commence
par une introduction aux métaux lourds : leur définition, mécanismes de toxicité et sources.
Ensuite, il s’intéresse aux nanotubes de carbone, en explorant leur structure, propriétés et
applications. Le troisiétme axe porte sur le phénoméne d’adsorption, en détaillant son origine, les

facteurs influents, et la distinction entre adsorption et absorption.

Le deuxieme chapitre est consacré a [I’approche théorique a travers la Théorie de la
Fonctionnelle de la Densité (DFT). Il traite de son évolution historique, de I'équation de
Schrodinger et des différentes approximations comme LDA et GGA. Une section importante est

également dédiée au logiciel BIOVIA DMOL3, en exposant ses modules et son fonctionnement.

Enfin, le troisieme chapitre est dédié a la partie pratique : optimisation géométrique des
molécules, énergies d’adsorption, analyse des liaisons, des densités électroniques et

interprétation des résultats, afin d’évaluer la performance des systémes étudiés.
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In English:

This thesis presents a multidisciplinary study across three main axes. It begins with an
introduction to heavy metals, covering their definition, toxicity mechanisms, and sources. Then, it
addresses carbon nanotubes, focusing on their structure, properties, and potential applications.
The third axis discusses the phenomenon of adsorption, including its origin, influencing factors,

and the distinction between adsorption and absorption.

The second chapter is theoretical and delves into Density Functional Theory (DFT). It discusses
its historical development, the Schroédinger equation, and various approximations such as LDA
and GGA. It also introduces the BIOVIA DMOL3 software, detailing its components and

computational functions.

The third chapter presents the practical part: molecular geometry optimization, adsorption energy
results, bond and electronic density analysis, and interpretation of the data. The aim is to assess

the efficiency and behavior of the modeled systems.
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